Habitat heterogeneity contributes to the maintenance of diversity, but the extent that landscape-scale rather than local-scale heterogeneity inXuences the diversity of soil invertebrates-species with small range sizes-is less clear. Using a Scottish habitat heterogeneity gradient we correlated Collembola and lumbricid worm species richness and abundance with diVerent elements (forest cover, habitat richness and patchiness) and qualities (plant species richness, soil variables) of habitat heterogeneity, at landscape (1 km 2 ) and local (up to 200 m 2 ) scales. Soil fauna assemblages showed considerable turnover in species composition along this habitat heterogeneity gradient. Soil fauna species richness and turnover was greatest in landscapes that were a mosaic of habitats. Soil fauna diversity was hump-shaped along a gradient of forest cover, peaking where there was a mixture of forest and open habitats in the landscape. Landscape-scale habitat richness was positively correlated with lumbricid diversity, while Collembola and lumbricid abundances were negatively and positively related to landscape spatial patchiness. Furthermore, soil fauna diversity was positively correlated with plant diversity, which in turn peaked in the sites that were a mosaic of forest and open habitat patches. There was less evidence that local-scale habitat variables (habitat richness, tree cover, plant species richness, litter cover, soil pH, depth of organic horizon) aVected soil fauna diversity: Collembola diversity was independent of all these measures, while lumbricid diversity positively and negatively correlated with vascular plant species richness and tree canopy density. Landscape-scale habitat heterogeneity aVects soil diversity regardless of taxon, while the inXuence of habitat heterogeneity at local scales is dependent on taxon identity, and hence ecological traits, e.g. body size. Landscape-scale habitat heterogeneity by providing diVerent niches and refuges, together with passive dispersal and population patch dynamics, positively contributes to soil faunal diversity.
. Anthropogenic forest fragmentation (Didham et al. 1998a; Davies et al. 2000; Andresen 2003 ), conversion to silviculture or agriculture (Eggleton et al. 2002; Dunn 2004 ) and land-use intensiWcation (Lawton et al. 1998; Benton et al. 2003; Jones et al. 2003; Eggleton et al. 2005) alter the size and heterogeneity of habitats. These anthropogenic drivers can create landscapes that are a mosaic of habitats; these, in turn, can inXuence species diversity depending on how each species perceives this environmental heterogeneity (Tews et al. 2004 ). For example, spatial habitat heterogeneity may allow populations to persist by providing habitat refuges (Hanski 1999; Ellner et al. 2001) ; or lead to population declines and extinctions as a result of habitat loss or degradation (Didham et al. 1998b; Davies et al. 2000) .
Taxonomic or functional identity is likely to be an important determinant of which habitat heterogeneity component (e.g. habitat area, patchiness, plant diversity) is relevant, and at which spatial scale (Roland and Taylor 1997; Chust et al. 2004; Dauber et al. 2005) . Furthermore, for a given taxon or species the response to habitat heterogeneity may be scale-speciWc. For example, carabid beetle assemblages have been shown to be positively inXuenced by habitat heterogeneity at microscales (0.25 m 2 ) and mesoscales (500-1,000 m 2 ) but not at macroscales (10 km) (Brose 2003; Tews et al. 2004 ); while in a separate study the loss of carabid species with landscape simpliWcation varied according to trophic group . DiVerences in the response to habitat heterogeneity between taxa and at diVerent scales arise largely as a consequence of the contrasting mobility, foraging or breeding requirements of the species in question (Ettema and Wardle 2002; Pearman 2002; Thies et al. 2003) . The importance of landscape-scale habitat heterogeneity for the diversity of actively mobile species (e.g. birds, bees, beetles) is well understood (Herrando and Brotons 2002; Purtauf et al. 2005) ; and there is generally a positive relationship between habitat heterogeneity and landscape species richness (Tews et al. 2004 ). Comparatively little is known, however, about the impact of landscape-scale habitat heterogeneity on species, such as soil invertebrates, that operate at Wne spatial scales (e.g. centimetres-metres) and are of restricted mobility (Chust et al. 2003; Dauber et al. 2005; Eggleton et al. 2005; Joschko et al. 2006) .
One way in which terrestrial habitat heterogeneity aVects the diversity of soil species assemblages is by producing variation in the structure and diversity of plant communities. Plot-scale experiments indicate that variation in plant diversity may aVect soil invertebrate diversity; one possible mechanism, for example, is where an increase in plant litter diversity may facilitate soil species coexistence through either resource partitioning or increased physical niche space (Hansen 2000; Wardle et al. 2001; De Deyn et al. 2004; Bardgett et al. 2005) . Such changes to plant and litter diversity may arise from patterns in land use and-in interaction with topography and geology-contribute to abiotic gradients (e.g. pH, moisture) that also shape the diversity of soil invertebrate assemblages (Ettema and Wardle 2002; Dauber et al. 2005; Eggleton et al. 2005; Joschko et al. 2006) . Simple correlations, however, between above-and belowground diversity tend to be uncommon, idiosyncratic or weak (Hooper et al. 2000; Wardle et al. 2003) ; and often it is the identity and dominance, not diversity, of plant species that is important in driving soil fauna diversity (Ettema and Wardle 2002; Wardle et al. 2003; De Deyn et al. 2004) .
Earlier studies of the inXuence of land use on Scottish soil macrofauna (Eggleton et al. 2005 ) and pan-European Collembola diversity indicate that habitat size, quality, heterogeneity and land-use type are important in shaping soil fauna diversity. We studied with a Scottish habitat heterogeneity gradient, at landscape (1 km 2 ) and local (sampling point-up to 200 m 2 ) spatial scales, the inXuence of diVerent aspects of habitat heterogeneity-classiWed into "elements" (forest percentage cover, habitat richness and patchiness) or "qualities" (plant functional group diversity, litter cover, soil variables) based on Tews et al. (2004) -on the species richness and abundance of two functionally dissimilar soil taxa (Collembola and lumbricid worms). Collembola are primarily fungal grazers dependent on the presence of a plant detritus food web common to forests and extensive grassland, while lumbricids consume organic matter directly-and hence are less dependent on soil microbes-and the majority of lumbricid species are intolerant of acidic forest soils (Hopkin 1997; Bardgett and Cook 1998; Bardgett et al. 2005; Salamon et al. 2006 ). Thus, it is possible that the diversity of these two taxa will be sensitive to diVerent qualities (e.g. litter cover, soil pH) of the habitat heterogeneity gradient; while overall the diversity of both taxa may increase in response to increased habitat richness or habitat patchiness in the landscape because of the existence of additional niches and refuges (Hanski 1999; Ettema and Wardle 2002; Benton et al. 2003; Tews et al. 2004; Bardgett et al. 2005) .
First, we assessed whether species turnover was great enough between the landscapes that comprise our habitat heterogeneity gradient to produce compositionally distinct Collembola and lumbricid worm assemblages. Second, at local and landscape scales we tested the inXuence of the diVerent habitat "elements" and "qualities" on soil fauna diversity with the following hypotheses: (1) species richness, abundance and species turnover of both soil taxa would peak at the point of greatest habitat richness (number of diVerent habitat types) and patchiness (number of habitat patches irrespective of type and size); (2) soil taxon identity determines which qualities of the habitat gradient inXuence diversity, with the predictions that (a) Collembola species richness and abundance is positively related to tree species richness while lumbricids positively relate to forb species richness, and (b) richness and abundance of Collembola and lumbricids are negatively and positively related to increasing soil pH and decreasing litter and organic matter content as the proportion of agricultural habitat increases.
Methods
Landscape-scale habitat heterogeneity gradient Six landscape units (LUs) representing a gradient of habitat heterogeneity were established in Aberdeenshire, Scotland. Each LU was located in the River Dee catchment, no more than 10 km away from neighbouring sites (Table 1) , enabling a comparison of landscape composition without a major geographical bias. Each LU was represented by a 1 km £ 1 km landscape square visually selected according to a predeWned set of criteria corresponding to the predominant land use within each square: LU1-old-growth forest (100%); LU2-managed forest (100%); LU3-forest-dominated (>50%) mosaic; LU4-mixed-use mosaic (50% forest, 50% open, agricultural habitats); LU5-grasslanddominated (>50%) and LU6-arable-dominated (>50%). Replication of LU types was limited by logistical and Wnancial constraints associated with the wider pan-European research project (EU Framework 5 "BioAssess" project) in which this study was embedded. Within each LU we sampled on a systematic grid of 16 sampling points, with each sampling point at least 200 m from neighbouring points and the edge of the 1 km square. This gave a distribution of points within the realised habitat proportions of each LU (Table 1; Pinus sitchensis plantation on one sampling point since 1983; LU5 and 6: general agricultural intensiWcation over preceding 30 years with increased barley cropping and improved grass varieties/ mixtures. Given the lack of land use change from forest to agriculture in the studied landscapes-and accepting the normal practice of 2-3 year rotations between improved grassland and barley crops in the agricultural areas of LU4, 5 and 6-we assume that patterns in soil diversity could be safely attributed to the current land-use-driven patterns in habitat heterogeneity. For a map and additional details of the study sites see Vanbergen et al. (2005) , Eggleton et al. (2005) , respectively. (Deharveng 1996) . At each sampling point in both years Collembola were sampled with a soil core (5 cm diameter £ 5 cm depth) giving a total of 190 samples; the soil cores were transferred to the laboratory and Collembola extracted over 14 days using Tullgren funnels (Hopkin 2000) . The specimens were individually slide-mounted and identiWed to species at the Centre for Ecology and Hydrology using standard keys (Fjellberg 1998; Hopkin 2000) . Lumbricid worms were sampled at each sampling point (total = 190 samples over 2 years) with a steel frame quadrat (25 cm £ 25 cm £ 15 cm deep) forced into the ground; the litter and soil monolith was excavated and hand-sorted on trays for lumbricids. When soil had been excavated down to the base of the quadrat (15 cm depth) 1.5 l of a 0.02% formalin solution was applied to the exposed soil surface and worms emerging over a 10-min period were collected. Lumbricid worms were identiWed to species at the Natural History Museum, London, UK (Sims and Gerard 1999) .
Landscape-and local-scale habitat elements
The landscape-scale habitat composition and structure of the LUs was assessed using remotely sensed land-cover data. Two satellite images of the study area were used, a Landsat 7 ETM+ multispectral image and an IRS-1C 35 (3) 58 (12) 7 (1) 52 (10) 43 (5) 2 (1) panchromatic image, to create a single fused image with a 5 m spatial resolution for each LU. A hierarchic classiWcation system based on the CORINE (Level 3 nomenclature) biotopes database (European Environment Agency) was deWned and used to interpret visually the satellite images using GIS (Arcview 3.1). The reliability of this land-cover classiWcation was checked against personal knowledge of the study area and, where required, ground visits. This CORINE classiWcation was used to quantify, using FRAG-STATS software, patterns in land cover enabling three indices of landscape-scale (1 km 2 ) habitat heterogeneity to be derived for each LU: percentage cover of forest, habitat richness (number of habitats) and landscape patchiness (cumulative number of habitat patches irrespective of type and size). Local-scale habitat richness was estimated by taking the number of distinct habitats (using the same CORINE Level 3 classiWcation as for the landscape-scale) observed (using GIS maps and ground-knowledge) to be present in a 200 m 2 zone including each sampling point plus four points on the grid 200 m north, south, east and west of each sampling point. within which the identity and number of plant species were measured. The cumulative total number of vascular plant species sampled within the 100 m 2 plot and the species richness of plant functional groups (trees, shrubs, forbs, graminoids) was derived from this dataset following standard nomenclature (Stace 1997) . The percentage cover of litter was visually estimated and agreed by two observers to a 5% interval in a 0.2-m 2 plot nested within the 100-m 2 plot at each sampling point. Tree canopy percentage cover above each sampling point was measured with a spherical densiometer (Forestry Suppliers Inc., Jackson, MS, USA).
Habitat quality: soils Soil pH and the depth of the organic (O) horizon (in mm) were determined at each sampling point using a portable pH probe (Hanna HI 9024 microcomputer, Hanna Instruments Ltd., Leighton Buzzard, UK) and by excavating a pit to reveal the soil proWle, respectively. Three measures of each parameter were taken at each sampling point and averaged to give the mean pH and depth of the organic horizon at the sampling point.
Data analysis
Collembola and lumbricid juveniles were excluded from all analyses except the analyses of total Collembola and lumbricid abundance (see below). Principal components analysis (PCA) was used to assess whether samples (n = 95) from diVerent LUs along the gradient of habitat heterogeneity supported distinct soil fauna assemblages (ter Braak and Kmilauer 1998); correlation between the Wrst and second principal components and measured environmental variables was assessed using Spearman's correlation coeYcient. Compositional similarity among soil fauna samples from within each LU (n = 16, except LU4 = 15) was assessed using Jaccard's similarity index (C J = j/ (a + b ¡ j), where j is the number of species common to two samples, and a and b are the total number of species in each sample; C J = 1.0 indicates a perfectly homogeneous species assemblage (Colwell 2005) .
Generalised linear models (GLMs) using a Poisson error distribution and a log link function were used to correlate, at both local (95 sampling points) and landscape (six LUs) spatial scales, soil fauna diversity (counts of species and individuals) with diVerent elements and qualities of the habitat heterogeneity gradient. For the local-scale analysis, the counts of species and individuals were correlated with the main eVects: landscape unit (LU), local habitat richness (in a 200 m 2 area centred on each sampling point), the plant species richness, tree canopy (%) and plant litter (%) cover, soil pH and depth of O-horizon (cm) recorded at each sampling point. Landscape unit was always Wtted prior to the remaining main eVects to account for landscape-scale variance in soil fauna diversity, and control for the lack of independence of sampling points within a landscape unit, when testing for variance due to local-scale factors. Local-scale explanatory terms were thereafter Wtted by forward selection. The relative inXuence of colinear explanatory variables on soil fauna diversity was addressed by varying the order in which dependent variables were Wtted and comparing sequential (Type 1) and adjusted (Type 3) 2 tests (SAS 9.1, SAS Institute, Cary, NC, USA). Model simpliWcation was achieved through deletion of the least signiWcant term, and results of Type 1 tests are reported.
For the landscape-scale analysis soil fauna data from sampling points were pooled to provide sum counts of Collembola and lumbricid species and individuals for each LU. Plant species richness data were also summed for each LU and, together with landscape metrics (forest % cover, habitat richness, landscape patchiness) per LU, the average cover of plant litter, the soil pH and the depth of the O-horizon (Table 1) were used as explanatory terms in the landscape-scale statistical analysis. Owing to the intercorrelation between the various explanatory terms and the limited degrees of freedom at this spatial scale (n = 6), which confounded multivariate regression, only the univariate eVect of each covariate on Collembola and lumbricid species richness and abundance are reported. An exact test (720 permutations) was used to determine the signiWcance of the observed GLM deviance for each explanatory term (SAS 9.1). This test gives the exact probability that a deviance as small as that obtained by the Wtted GLM-using the correct matching of the six explanatory variable values to the six response variable values-could have occurred by chance under the null hypothesis that the data values were allocated to LU squares at random. This test is less powerful than a parametric test for signiWcance of univariate relationships, but it has the advantage of being robust against departures from the model assumed by the Wtted GLM.
Results

Temporal changes in soil fauna diversity
Sampling year did not signiWcantly inXuence the diversity or abundance of either Collembola or lumbricids (species richness: Collembola- This made it unnecessary to include sampling year as a covariate, and for all subsequent analyses data from both years was pooled to give a single count of species and individuals at each sampling point or LU.
Compositional turnover along the habitat heterogeneity gradient Both Collembola and lumbricid assemblages showed considerable turnover in species composition along the habitat heterogeneity gradient (see Fig. 1 and the "Electronic supplementary material"). Collembola assemblages were clearly separated along the Wrst PCA axis according to whether they were sampled from the forest-dominated (LU1 and 2) or agriculture-dominated (LU5 and 6) landscapes, with the assemblages from the habitat mosaics (LU3 and 4) situated at the intermediate point of this gradient in species composition (Fig. 1a) . This Collembola assemblage turnover (PCA axes 1) was positively correlated with the presence of forest cover and associated soils (Spearman's correlation coeYcient: tree canopy density 0.49, plant litter cover 0.63, depth of O-horizon 0.65, P < 0.001) and negatively correlated with increasing soil pH (soil pH ¡0.62, P < 0.001). Lumbricid assemblages were principally separated along the Wrst PCA axis (plant species richness 0.44, soil pH 0.52, plant litter cover ¡0.53, depth of Ohorizon ¡0.58, P < 0.001), with acidic, plant-species-poor forest sites (LU1 and 2) separated from the less acidic and plant-species-rich habitat mosaics (LU3 and 4) and the high pH agricultural landscapes (LU5 and 6) (Fig. 1b) . The mosaic (LU3 and 4) landscapes were further separated from the other sites along the second PCA axis (Fig. 1b) , correlated with plant species (0.38, P < 0.001) and local habitat (0.33, P < 0.001) richness.
Correlates of soil fauna diversity: habitat elements Our Wrst hypothesis-that the landscapes with the greatest habitat richness would support the greatest diversity of soil fauna-was upheld at the landscape (Fig. 2) but not the local spatial scale (Table 2) . Local-scale habitat richness-number of habitats (CORINE level 3 classiWcation) present in a 200 m 2 zone centred on each sampling point-did not signiWcantly inXuence the soil fauna species richness or abundance observed at each sampling point (Table 2) , hence there is no evidence that the available data supports the hypothesis that local-scale habitat richness was structuring soil fauna diversity in these sites. At the landscape scale, however, soil fauna species richness peaked where a mixture of forest and open habitats occurred (LU4) ("Electronic supplementary material", Table 1 , Fig. 2a,c) . Collembola and lumbricid species richness and lumbricid abundance showed a signiWcant, humpshaped relationship with forest percentage cover in the surveyed landscapes (Fig. 2a,b, Table 3 ). Collembola species richness reached a maximum where forest and woodland was reduced to 50-65% of the 1 km 2 ; lumbricid species richness and abundance peaked where grassland occupied 17-58% and 31-58% of the 1 km 2 , respectively (Table 1 , Fig. 2a,b) . Collembola abundance declined monotonically with the decrease in forest percentage cover per LU along the habitat heterogeneity gradient (Fig. 2b, Table 3 ). Landscapescale habitat richness was positively related to lumbricid richness and abundance (Fig. 2c, Table 3 ), and also to Collembola species richness-although marginally nonsigniWcant (Table 3) . Collembola abundance was negatively and lumbricid abundance positively correlated with landscape patchiness-the number of distinct habitat patches irrespective of type and size (Fig. 2d, Table 3 ). This latter result is perhaps a reXection of the habitat preferences of the two taxa: Collembola numerically dominating samples from the single habitat forest landscapes and lumbricids dominating the spatially patchy mosaic (forest and grassland) and agricultural (grassland and arable) soils, where much of the landscape was under grassland management.
The observed peak in soil fauna species richness in the landscape-scale habitat mosaics was accompanied by a greater turnover in species composition among sampling points within those same landscapes. For both Collembola and lumbricids, the Jaccard similarity index (C J = 1.0 indicates a perfectly homogeneous species assemblage) revealed that the degree of compositional similarity between samples was much lower within the landscapes with greater habitat richness and patchiness (LU3: Collembola 0.14, lumbricids 0.48; LU4: Collembola 0.46, lumbricids 0.41; LU5: Collembola 0.55, lumbricids 0.49) compared to the compositional similarity among samples from the forest-dominated (LU1: Collembola 0.84, lumbricids 1.0; LU2: Collembola 0.76, lumbricids 0.92) and arable-dominated (LU6: Collembola 0.77, lumbricids 0.94) landscapes. As the landscapes became less dominated by a single habitat (old-growth or plantation forest, or arable) and habitat heterogeneity (richness and patchiness) increased (Table 1) , the turnover in species composition increased accordingly. There was, therefore, strong evidence that the diversity of both soil taxa in these studied landscapes was governed by habitat heterogeneity at landscape but not local spatial scales. Correlates of soil fauna diversity: habitat qualities Only partial evidence was found for our second hypothesis, that soil taxon identity would determine which qualities of the habitat heterogeneity gradient aVected diversity. There was strong evidence that the LU from which a sample originated was always a signiWcant inXuence on the local-scale soil fauna species richness and abundance (Table 2) . After accounting for this landscape-scale variance no evidence of local-scale factors aVecting local Collembola diversity was found (Table 2 ). In contrast, local-scale lumbricid species richness and abundance was positively correlated with vascular plant species richness, and lumbricid abundance was negatively correlated with increasing tree canopy density (Fig. 3, Table 2 ). At the landscape-scale, however, plant species richness was a signiWcant predictor of both Collembola and lumbricid species richness. Contrary to the prediction that soil taxon identity would govern which plant functional group (trees or forbs) correlated with soil taxon diversity, the species richness of both soil taxa was positively correlated with both tree and forb species richness (Fig. 4a,b) . It appeared, however, that Collembola species richness was more strongly related to tree rather than forb species richness, while lumbricid species richness showed the opposite, albeit less pronounced, trend (Table 3) . Moreover, while lumbricid abundance was positively related to forb species richness, Collembola abundance was independent of species richness in all plant functional groups (Table 3) . While soil fauna richness and abundance was independent of soil variables at local scales (Table 2) , Collembola abundance was positively and negatively correlated with plant litter cover and soil pH, respectively, at landscape scales (Fig. 4c,d , Table 3 ), and lumbricid abundance was negatively, but more weakly, correlated with plant litter cover (Fig. 4c, Table 3 ).
Discussion
In accord with our Wrst hypothesis, evidence was found at the landscape-scale that soil fauna species richness and turnover peaked where a decrease in the percentage cover of coniferous forest and a concomitant increase in broadleaf, grassland and arable habitat cover resulted in a habitat mosaic. The likely explanation for this hump-shaped diversity relationship is the presence of more ecological niches in habitat mosaics, allowing both species colonisation and population persistence in the landscape (MacArthur and Wilson 1967; Hanski 1999; Benton et al. 2003; Bardgett et al. 2005) ; an interpretation supported by the positive relationship found between lumbricid diversity and habitat richness per landscape. Lumbricid abundance was also positively related to landscape patchiness-number of habitat patches irrespective of type and size-which may indicate the role of spatial landscape patchiness in providing refuges for lumbricid worm populations from anthropogenic disturbance (e.g. tillage, Bardgett et al. 2005) . In contrast, Collembola abundance was negatively related to the decline in forest cover and concomitant increase in landscape patchiness along the habitat heterogeneity gradient. DiVerences in which landscape elements inXuence diversity are often taxon-or functional-group-speciWc Chust et al. 2004; Dauber et al. 2005; Purtauf et al. 2005) ; and here perhaps reXect the distinct ecological requirements of each taxon. The predominantly fungivorous Collembola depend on the presence of a relatively undisturbed plant detritus food web (Ponge et al. 1993; Bardgett and Cook 1998; Hedlund and Ohrn 2000; Hopkin 2000) (but see Salamon et al. 2006 ) of forest and no-tillage, low-intensity pasture ecosystems. Conversely, lumbricid worms are nearly absent from acidic forest soils, and have a reduced dependence on soil microbial communities as primary decomposers (Bardgett and Cook 1998; Maraun et al. 2003; Bardgett et al. 2005) . The hypothesis that soil taxon identity would determine which qualities of the habitat gradient inXuence soil diversity was partly upheld. Despite correlations between above-and belowground diversity being generally uncommon (Hooper et al. 2000; Wardle et al. 2003; St John et al. 2006) , plant diversity was positively correlated with the species richness of both Collembola and lumbricids and with lumbricid abundance in this study. There was some support for the prediction that the diVerent soil taxa would respond to diversity within diVerent plant functional groups: at the landscape scale, tree species richness explained more of the deviance in Collembola species richness than other plant functional groups, while forb species richness had the greater inXuence on lumbricid richness and abundance compared with other plant functional groups. It is possible that these positive relationships between above-and belowground diversity arose from a direct relationship between plant and soil diversity, mediated by increasing diversity of the litter resource underpinning the soil assemblage (Ponge et al. 1993; Hansen and Coleman 1998; De Deyn et al. 2004) . Because, however, we did not evaluate litter diversity, we have no evidence to substantiate this interpretation. More likely, in this case (as elsewhere; see , these correlations have arisen as a consequence of land-use-driven habitat heterogeneity aVecting plant and soil diversity similarly-both soil and plant diversity show identical hump-shaped relationships with the habitat heterogeneity gradient (Table 1) . These diVerences, together with changes in plant litter cover and soil pH, again reXect the changes in forest cover along the habitat gradient and also the relative habitat preferences of each soil taxa mentioned above.
Our hypotheses and predictions were only partially supported because these correlations between soil fauna diversity and both elements and qualities of habitat heterogeneity were not consistent between the landscape and local spatial scales. Despite the shape of the gradient in mean local habitat richness per LU (Table 1) matching that of the landscape-scale habitat richness, there was no eVect of this parameter on the diversity of either taxon. This may be because the range of observed (from GIS maps and ground knowledge) habitats was lower at local (range 1-4 habitats) than at landscape (range 1-7 habitats) scales, which might have meant that the local-scale habitat richness gradient was insuYcient to produce detectable variation in species diversity.
Soil taxon identity determined not only which elements and qualities of the habitat gradient inXuenced diversity, but also the sensitivity of each individual taxon to habitat heterogeneity at diVerent spatial scales. Forest percentage cover was a good landscape-scale predictor of the diversity of both Collembola and lumbricid diversity; however, at local scales only lumbricid abundance was negatively related to tree canopy cover. Soil taxon identity also inXuenced the scale-dependent response to plant diversity: strong positive relationships between both taxa and plant diversity at landscape-scales did not persist at the local scale, where only lumbricid diversity remained positively correlated with plant species richness. These diVerences in the response of a single taxon to the various facets of habitat heterogeneity at diVerent spatial scales have been observed in other systems (Brose 2003; Tews et al. 2004 ; Fig. 4a-d Bardgett et al. 2005) . The positive and negative relationships between lumbricid diversity and plant diversity and tree canopy cover, respectively, indicate the known habitat preferences of this taxon for grassland mull soils Eggleton et al. 2005) . Given the strong correlation between diversity and both habitat elements and qualities at the landscape scale, it is initially surprising to Wnd no evidence of a Collembola diversity relationship with local-scale gradients in habitat heterogeneity, especially when we consider the evidence published elsewhere (Hopkin 1997; Ims et al. 2004; Cole et al. 2005; Hoyle and Harborne 2005) . The reason for the scale-speciWc correlations between Collembola diversity and habitat heterogeneity is not apparent from these data. It might be, however, that while large-scale patterns in land use generate habitat structure that may, over time, aVect Collembola diversity by inXuencing passive population dispersal and diVerential persistence among patches of varying quality (Dunger et al. 2002; Ettema and Wardle 2002; Ponge et al. 2003 Ponge et al. , 2006 Ims et al. 2004) , the local-scale employed here did not capture either those coarse-scale ecological processes (dispersal, patch dynamics) or the processes (competition, predation, facilitation) that occur on the microscale (i.e. centimetres) at which these small-bodied soil mesofauna operate (Ettema and Wardle 2002; Bardgett et al. 2005) . By this reasoning, it is perhaps less surprising that the diversity of lumbricid worms-larger-bodied, mobile soil macrofauna-is inXuenced by heterogeneity in tree cover and plant diversity at the local-scale (i.e. metres). Two caveats should be noted when considering our Wndings. First, sample size was limited at the landscape scale due to logistical and Wnancial constraints associated with the wider research framework (EU Framework 5 BioAssess project) in which this study was embeddedhence the data basis at this scale is comparatively poor and landscape-scale results should be treated with appropriate caution. This low sample size at the landscape scale also presents analytical problems: because of insuYcient degrees of freedom we are not able to assess with multivariate regression the relative contribution to diversity of the diVerent elements and the qualities of habitat heterogeneity. The robustness of each univariate relationship, however, was tested by exact tests on the deviance explained by each Wtted covariate; this demonstrated the probability that a deviance as small as that obtained could have occurred through chance diVerences between LU squares other than the Wtted covariate. Therefore, despite low sample size, we are conWdent in the robustness of the observed and modelled patterns in diversity. Second, while all sampling by deWnition represents a snapshot, the restriction of this study to a single sampling occasion within each year may introduce a potential bias into the data due to the acknowledged high levels of spatiotemporal heterogeneity in soils . However, timing the sampling to coincide with maximum seasonal diversity together with the lack of between-year-and therefore for Collembola betweenseason-diVerences in soil taxon diversity gives us some conWdence that our samples are representative of the species assemblage.
The observed patterns in soil faunal diversity were more strongly correlated with elements and qualities of habitat heterogeneity at landscape rather than local scales. This concurs with other recent studies (Chust et al. 2004; Dauber et al. 2005; Eggleton et al. 2005; Joschko et al. 2006; Sousa et al. 2006 ) that show that coarsescale environmental heterogeneity arising from land use can inXuence the diversity and abundance of soil faunaspecies that operate at Wne spatial scales. The greatest species turnover and hence species richness of both soil taxa (and plants) occurred where an approximately even mixture of forest and grassland habitats was present. This study and others (Eggleton et al. 2005; Sousa et al. 2006) indicates how comparatively small patches of broadleaf woodland (LU3 and 4: 7-15% per 1 km 2 ) in landscapes dominated by agricultural and forestry monoculture contribute disproportionately to an area's soil fauna diversity. Forest plantation and arable landscapes supported a relatively species-poor fauna, as did Caledonian pinewood (LU1), although from a conservation perspective the latter habitat is known to be dominated by soil macrofauna (e.g. millipedes) of restricted geographical range (Eggleton et al. 2005) . This study adds to the evidence that landscape-scale habitat heterogeneity does drive soil fauna species diversity (Ettema and Wardle 2002; Eggleton et al. 2005; Sousa et al. 2006 ). The mechanism is likely to be the provision of additional niche space, refuges from disturbance and passive dispersal of soil fauna in a metapopulation structure (Hanski 1999; Ettema and Wardle 2002) . The maintenance and creation of landscape-scale habitat mosaics may be desirable management prescriptions as part of a strategy for the conservation of soil biodiversity. Furthermore, while landscape-scale heterogeneity structures soil fauna diversity regardless of functional or taxonomic identity, the inXuence of habitat heterogeneity at smaller scales is dependent on identity, and therefore on ecological traits such as body size and mobility (Ettema and Wardle 2002) . Therefore, it is possible that landscape patterns in land use-together with microhabitat heterogeneity not measured here-will drive variation in soil species diversity, which will feedback to plant productivity via altered nutrient recycling, and ultimately may inXuence ecosystem function (Ettema and Wardle 2002; Bardgett et al. 2005) .
